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(57) ABSTRACT

An apparatus for pumping free-flowing materials, having a
receptacle coupled to a vacuum pipe and a pumping gas pipe,
at least one filter, at least one supply pipe, and at least one
drainage pipe for a material being associated with the recep-
tacle. The apparatus includes a vertically extending cylindri-
cal pump chamber configured to pneumatically pump liquids,
powder, suspensions and pastes. Further, a device is mounted
in an upper region of the pump chamber configured to sepa-
rate liquid and powder. The device further includes a filter
element and a float member. The float member is configured
as a sealing element above, and a lower region of the pump
chamber is coupled to the at least one supply pipe and the at
least one drainage pipe for at least one of a liquid, a powder,
a suspension, and a paste.

42 Claims, 3 Drawing Sheets
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DEVICE, AND METHOD FOR FEEDING
SUBSTANCES

CROSS REFERENCE TO PRIOR RELATED
APPLICATIONS

This is a U.S. National Phase application under 35 U.S.C.
§371 of International Application No. PCT/EP2007/000782,
filed on Jan. 30, 2007, and claims the benefit of German
Patent Application No. 10 2006 005 190.4, filed on Feb. 2,
2006 and German Patent Application No. 102006 007 277 4,
filed on Feb. 15, 2006. The International Application was
published in German on Aug. 9, 2007 as WO 2007/088022 A1
under PCT Article 221(2).

The present invention concerns an apparatus for pumping
free-flowing materials as well as a method therefor.

BACKGROUND

European Patent Publication No. EP 0 937 004 A describes
an apparatus for pneumatically pumping powdered materials
having a receptacle which is connected to a supply pipe as
well as a discharge for the pumped material and which is
separated by at least one plate-like filter element from a
chamber connected to a vacuum pipe; the width of the filter
element corresponds at the maximum to the diameter of the
receptacle. For pumping a material having a specific gravity
from 0.1 to 15.0 g/cm® as well as with a particle size range
between 0.1 and 300 um as the pumped material, the ratio of
the length of the pump chamber-forming receptacle for tem-
porarily containing the pumped material to its inside diameter
is between 0.5 and 10.0, and the plate-like filter element is
provided between a vacuum pipe of a vacuum pump for
drawing in the material to be pumped and the pump chamber.
Adjoining the chamber connected to the vacuum pump is a
pumping gas pipe of a pumping gas source, and both in the
vacuum pipe and in the pumping gas pipe is arranged in each
case an automatic shut-off member.

EP 0538711 A describes a pumping apparatus for example
for plastics granulates having a hosepipe which at one end
enters a storage silo by means of a lance and at the other end
extends through a filter carrier into a pipe connection which is
seated on the box-like inlet of a tangential feed opening of a
plasticisation cylinder. Above the filter carrier is provided a
cover assembly also traversed by the hosepipe and having a
suction chamber. The latter has suction openings directed
towards the pipe connection and is operatively connected to a
nozzle system to which compressed air or compressed gas can
be delivered as the working medium. In the suction chamber
is generated a relatively high partial pressure which is propa-
gated through the suction openings and the filters into the pipe
connection and from there through the hosepipe into the
storage silo. This working medium is intended to generate
such a high pressure, due to the increase in its speed in the
material being pumped, that the solids are drawn to the box-
like inlet, while mixing with a suction air stream. At the filters,
the solids are separated from the suction air stream and the
latter is mixed with the working medium. Filter cleaning
cannot be carried out during the process.

According to the state of the art, pumping apparatuses of
this kind are tailored to a certain product, that is, to the
pumping of powders or the pumping of liquid. Of course
some diaphragm pumps may pump powder and liquids, but
inefficient treatment of powder is possible only to a minor
extent, and only when the powder substance is particularly
adapted to the process.
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The pumping of suspensions is difficult insofar as the pow-
der in a suspension tends to be deposited in the pipes or
closure valves, leading to blockage of the pumping system.

The present invention is directed to an apparatus and a
method of the kind mentioned hereinbefore which allow not
only the pumping of such different products as liquids, pow-
ders and even suspensions or pastes with the same equipment,
but also volumetric proportioning thereof.

SUMMARY OF THE INVENTION

The apparatus according to an embodiment of the present
invention has in a vertically extending cylindrical pump
chamber for pumping liquids, powders, suspensions and
pastes in its upper region a device for separating liquid and
powder having a filter element and a float member as a sealing
element above it, at least one supply pipe and at least one
drainage pipe for liquid and/or powder and/or suspension or
paste being connected to the pump chamber in its lower
region. Several supply pipes for several products are pre-
ferred.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, characteristics and details of the
present invention are apparent from the description below of
preferred embodiments as well as with reference to the draw-
ings; the latter show, in each case in a schematic view:

FIG. 1 shows an apparatus mounted on a holding recep-
tacle for free-flowing materials, for pneumatically pumping
the materials, in a side view in accordance with an embodi-
ment of the present invention;

FIG. 2 is an enlarged view of the pumping apparatus of
FIG. 1 with details partly altered from the latter in accordance
with an embodiment of the present invention;

FIG. 3 is a detailed view of aspects of the pumping appa-
ratus of FIG. 2 with altered setting of some elements in
accordance with an embodiment of the present invention;

FIG. 4 is a detailed view of aspects of the apparatus from
FIGS. 1, 2 in accordance with an embodiment of the present
invention;

FIG. 5 is a side view of a pumping apparatus in accordance
with another embodiment of the present invention; and

FIG. 6 is a drawing of a variant of the pumping apparatus of
FIG. 5 inaside view in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

According to an aspect of the present invention, the filter
element is preferably designed as a filter plate and crosses the
longitudinal axis of the device, and is arranged between the
device and the pump chamber; the end of the device according
to the present invention which is remote from the filter ele-
ment is associated with the pumping gas pipe and the vacuum
pipe. For this purpose a T-shaped connecting pipe with two
connecting sections each containing a shut-off valve for the
pumping gas pipe and the vacuum pipe is to project from a
front wall of the device. On the other hand, the pump chamber
is to be connected to at least one inlet valve and to an outlet
valve for the material.

In an embodiment according to the present invention,
device is designed as an axial apex chamber of the pump
chamber of the apparatus and provided in the latter so as to be
axially movable and at the same time sealingly encompassed
by at least one ring seal of the pump chamber. This ring seal
according to an aspect of the present invention is arranged in
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the cylindrical pump chamber itself or it extends in an annular
end collar of which the diameter is shorter than the diameter
of the pump chamber.

Further, between end collar and pump chamber is to be
integrally formed a ring section which widens in a funnel
shape towards the pump chamber and from which preferably
a frame for axially guiding the movable apex chamber
extends upwards.

It is within the scope of the present invention that the filter
element, which as stated is preferably designed as a filter
plate, is associated with a base section of the apex chamber of
the apparatus which is axially movable in the pump chamber.
The filter plate according to an aspect of the present invention
is fixed to the perforated base section of the apex chamber and
protrudes beyond the latter laterally; for this purpose the filter
plate, which is advantageously arranged in a support, is to be
encompassed at its edge by at least one sealing bead which on
the other side abuts against the inner surface of the pump
chamber.

According to an aspect of the present invention, the pump
chamber described, at its outlet end is arranged an outlet pipe
which is at an angle to its longitudinal axis and which pref-
erably adjoins an axial connecting pipe of the base region of
the pump chamber. For the sake of better pumping, on the
outlet pipe is to be mounted at least one vibrator. This inclined
outlet pipe leads into a pumping pipe, of which the axis is
preferably parallel to the pump chamber; also, a closure ele-
ment is associated with the mouth region and at least one
outlet valve is associated with the free end of the pumping
pipe. The closure element actuates a closing plate which in the
closed position covers the mouth of the outlet pipe. This
closing plate is designed so that its position can be selected;
by partial closing or opening according to this choice, precise
proportioning of the product can be adjusted.

Here, a pump chamber with flat filter is mounted tangen-
tially on a proportioning unit with ventilation facility, and the
lateral pump body is connected to vacuum and pressure
sources; it contains a tangential inlet with shut-off unit. Lat-
erally on the tapered portion of the pump chamber is mounted
a vibration device. At the location at which the pump body
leads into the proportioning body is provided a slidable disc
which can be opened completely or only up to a selectable gap
size in order to allow proportioning.

The proportioning body is connected via a valve to a pres-
sure source, and at the lower end of the proportioning body is
provided a shut-off unit. On the other side is located a valve
which opens to the atmosphere; ventilation is therefore pos-
sible. The pump body can now be filled with product accord-
ing to the known principle/cycle, and the slidable disc can be
opened completely or only partially in order to proportion or
to let off product. To allow fine proportioning into the recep-
tacle underneath, the vibration unit can be activated. If the
shut-off unit is opened, the product passes into the receptacle
underneath, which can be a reactor, drier or the like. The filter
of'the pump body can be cleaned by a pressure pulse, and this
option also exists for the proportioning body. If the contents
of'the pump body are emptied into the proportioning body, the
displaced volume of air escapes via the valve which opens to
the atmosphere.

Within the scope of the present invention is an aspect of the
present invention in which the device is fixed as an apex frame
in the head region ofthe pump chamber and at a distance from
the filter element. This cage-like apex frame consists of rods
with substantially parallel axes which if occasion arises are in
each case deformed at a distance from their free end in such a
way that above a lower base section runs an upper frame
section; its diameter is shorter than the diameter of the lower
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frame section. It proved favourable to let the total length of the
apex frame consist approximately two-thirds of its lower
frame section and approximately one-third of the upper frame
section.

With this apparatus, the filter element is to be mounted as a
filter plate in a frame and the latter fixed in the pump chamber
between two receptacle sections.

According to another aspect of the present invention, the
apex frame is fixed towards the apex in a roof ring and pro-
vided at its lower end with a perforated plate or grid, a screen
or a filter running approximately parallel to the filter plate.
The perforated plate or grid, screen or filter also lies at a
distance from the filter plate.

For the sealing function, the float member is advanta-
geously associated with a sealing ring in the apex chamber or
in the apex frame; the open centre of the ring can be closed by
axially advancing the float member or its ball end or by
axially advancing it; sealing ring and float member form a
valve composed of two bodies associated with each other, and
the open centre of the sealing ring can be covered by a ball end
of the float body, that is, the valve closed.

In another embodiment of the apparatus according to the
present invention, the float member has at least one ball end
with a diameter corresponding to the cross-section of the apex
chamber.

In the described embodiments, the float member has two
ball ends which are connected by an axial rod as a tubular
portion—acting as a dumbbell.

Diameters from 15 to 90 mm, preferably 30 to 70 mm, with
the upper ball end sealing off from the vacuum system, proved
to be favourable, and the lower ball end has a diameter from
10 to 100 mm, preferably 20 to 80 mm. For this purpose the
total length of the apex chamber according to an aspect of the
present invention is composed approximately two-thirds of
its lower section and approximately one-third of the upper
section; the length of the pump chamber is to be preferably
between 10 and 1000 mm, preferably 50 and 800 mm or 60
and 100 mm, with a diameter from 5 to 500 mm, preferably
200 mm.

The chamber according to an aspect of the present inven-
tion can be made from different materials for pumping
aggressive or delicate products, such as special steel, Hastel-
loy, plastic, glass, enamel, this being with coating.

In an embodiment according to the present invention, the
system consists of a calibrated cylindrical chamber having a
lateral entrance which is fitted with a shut-off valve or closure
valve; a further closure valve is mounted on the bottom outlet
side of the apparatus.

On the upper part of the apparatus is installed a system for
separating liquid and powder—consisting of a float with a
filter. This system can be fixed or movable. A cover closes the
whole. It is connected to a pressure source and a vacuum
source which are in each case fitted with shut-off valves. The
cover includes on the upper portion an O-ring to which the
float is applied to close the system when liquid is drawn in.

In an embodiment according to the present invention, the
system works—under the control of a switch box—automati-
cally. To pump liquid, the shut-off valve on the vacuum side
and the inlet valve are opened; by means of the vacuum, the
liquid is drawn in through the inlet pipe connected to the
pump chamber. The liquid level rises until the float is lifted
and applied to the sealing ring in the filter chamber, in order
to interrupt the connection to the vacuum source; due to the
vacuum, leaking from the pair consisting of sealing ring and
float is prevented. After a certain length of time the inlet valve
and the vacuum valve are closed and the pressure valve and
the outlet valve are opened. Then the pump chamber is emp-
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tied by forcing the liquid out by means of pressure. After a few
seconds pressure and outlet valves are closed again and the
cycle begins anew.

For pumping powder as well, according to an aspect of the
present invention the shut-off valve on the vacuum side and
the inlet valve are opened, and by means of the vacuum the
powder is drawn in through the pipe system or inlet pipe
connected to the pump chamber. The pump chamber fills with
powder. The filter in its upper region prevents fine particles
from getting into the vacuum system. The float remains in its
bottom position, as the speed of the pumping gas is not
sufficient to lift it. Here too, after a certain length of time inlet
valve and shut-off or vacuum valve are closed, and the pres-
sure valve and outlet valve are opened; the pump chamber is
emptied by the pressure which simultaneously cleans the
filter in countercurrent, and after a few seconds pressure and
outlet valves are closed again. The cycle can begin anew.

If a suspension is to be pumped, the latter is drawn in with
partial pressure through the pipe system or inlet pipe con-
nected to the pump chamber, and by means of the filter in the
upper portion of the pump chamber the particles of the sus-
pension are separated from the liquid and soiling of the float
is prevented. The liquid level rises until the float is lifted and
closes the open annular chamber of the sealing ring in orderto
interrupt the connection to the vacuum source. After a certain
waiting time the inlet valve and the vacuum valve are closed,
and the pressure valve and outlet valve are opened. The pump
chamber is emptied by forcing the powder out by means of
pressure which simultaneously cleans the filter in countercur-
rent. After a few seconds pressure valve and outlet valve are
closed again; the cycle can begin again.

This system is further to be used according to the object for
the volumetric proportioning of these different products; the
system according to the present invention for separating liq-
uid and powder can be displaced in the interior of the pump
chamber in order thus to vary its volume.

O-rings inserted in the separation system allow displace-
ment of the system and at the same time enable the system to
be sealed off from the pump chamber, the variation in volume
of which allows volumetric proportioning. It is of particular
importance that the apparatus can be cleaned between the
pumping of two different powders by the throughflow of
liquid, but above all by drawing in cleaning liquid.

Thus within the scope of the present invention is a method
for pneumatically pumping free-flowing materials using the
apparatus according an embodiment of the present invention,
with which both particulate materials and liquid or suspen-
sion or pastes are transferred at the same time from one
receptacle to another or a mixture of liquid and particulate
materials is pumped or transported, which preferably consists
01'0.01 to0 99.99% liquid and 99% to 0.01% particulate mate-
rials, or 5.0% to 95.0% liquid and 95.0% to 5.0% particulate
materials.

Cleaning can also take place by running the apparatus
empty.

It also proved favourable to use nitrogen as the emptying
gas and to provide an inert atmosphere during the emptying
process.

Use of the subject of the present invention is possible both
in the pharmaceutical industry and in the chemical industry,
paint and lacquer production and in the food industry.

From the apex surface of a reaction vessel or holding recep-
tacle 10 for free-flowing materials, in FIG. 1 a pumping
apparatus 30 connected to the latter by a vertical connecting
pipe 12 extends upwards. At the junction from the pumping
apparatus 30 with the connecting pipe 12, at a shoulder 14 is
provided a shut-off member 16 above which the funnel-
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shaped base region 32 of a cylindrical pump chamber 34 of
the pumping apparatus 30 can be seen. From the latter
extends, with the interposition of an inlet valve 18, an inlet
pipe or supply pipe 20. The latter is connected by its end
remote from the pumping apparatus 30 to branch pipes 22,
22, 22 which are in each case associated with a storage
receptacle 24 for powder or a storage receptacle 26 for liquids
or a storage receptacle 28 for a suspension. Depending on
control of the apparatus, in each case one of those free-
flowing materials flows in the direction of flow x to the pump-
ing apparatus 30.

The powder receptacle 24 resting on a frame 23 is here
fitted with a funnel-shaped outlet base 25, the other two
storage receptacles 26, 28 are barrel-shaped.

In the interior 35 of the tubular, open-topped pump cham-
ber 34 having a length a of for example 50 to 800 mm and
inside diameter d of which the amount is preferably between
10 mm and 500 mm, an apex chamber 38 of narrower outside
diameter e provided with a horizontal front wall 36 as a cover
is axially inserted in the arrow direction t, forming a narrow
cylindrical gap space 45; between the apex chamber 38 and
the inner surface 33 of the pump chamber 34 runs a diametri-
cal ring seal 47. Below the latter is shown a perforated base
section 40 of the apex chamber 38, the free mouth edge of
which is adjoined by a filter or filter plate 44 arranged trans-
versely to the longitudinal axis A of the apparatus. The filter
orfilter plate 44 is surrounded by a sealing bead 46 which, like
the ring seal 47, moves outwards to fit snugly against the inner
surface 33 of the pump chamber 34 even during a vertical
movement of the apex chamber 38.

Near the cover or front wall 36 of the apex chamber 38 can
be seen a sealing ring 48 which abuts against its inner surface
33 and with the open ring centre 49 of which is associated a
vertically or axially guided float member 50. The cross-sec-
tion of its ball ends 52, which are connected by a rod 51, is
larger than the inside width of the open centre 49 of the
sealing ring 48, so that it can be sealed off by a ball end 52 as
in FIG. 2. In FIG. 3 is shown the open state of the sealing ring
48, which with the float member 50 forms a kind of valve.

From the front wall 36 of the apex chamber 38 extends
upwards a T-shaped connecting pipe 54 for two pipes 55, 56
in each of which is integrated a shut-off valve 57, 57 ,.

Inthe pumping apparatus 30, of FIG. 2, a compressed air or
gas source 58 of more than 0.3 bar is associated with the left
line 55 of the connecting pipe 54 there as a pumping gas pipe,
and a vacuum pump 60 with for example a partial pressure of
<500 mbars is associated with the right line 56 that serves as
a vacuum pipe.

The cylindrical pump chamber 34 of the pumping appara-
tus 30, of FIG. 2 merges at the top with an annular section 37
of'length a, with an inwardly inclined wall surface which is
adjoined by a cylindrical end collar 37, of narrow diameter e, .
In this embodiment the ring seal 47 for the apex chamber 38,
sits inside this end collar 37..

The apex chamber 38, is here surrounded by a frame 62 of
which the base feet 64 are seated on the inclined outer surface
of'thatring section 37. From the base feet 64, guide profiles 65
or parallel-axis rods 66 extend upwards, with radial stays 68
which guide the axially movable apex chamber 38 ; owing to
a pneumatic drive, not shown, the apex chamber 38, can be
adjusted in height in the frame 62. The filter plate 44 is here
mounted in a mechanical support 42 which is encompassed
by the sealing bead 46 described above.

In the embodiment according to FIG. 2, the base region 32
forms a point 31 which is adjoined by a drainage pipe 21 with
integrated outlet valve 19.
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The system according to an embodiment of the present
invention for separating liquid and powder therefore has a
float member movable up and down in a guide aid or a float 50
with associated filter 44 in the upper region of the pumping
apparatus 30, 30, which is closed by a cover 36. The latter is
connected to at least one pressure source 58 and at least one
vacuum source 60. Below the cover 36 or in the upper region
of the apex chamber 38, 38, is provided a sealing ring 48 to
which the float 50 is applied in order to close the system when
liquid is drawn in the direction of flow x. The automatically
operating system is here controlled by a switch box and
functions in the following manner:

Pumping of Liquid:

The shut-off valve 57, on the vacuum side and the inlet

valve 18 are opened;

by means of the vacuum the liquid is drawn in through the
inlet pipe 20 connected to the pump chamber 34.

The liquid level rises until the float 50 is lifted and applied
to the sealing ring 48 in the apex chamber 38, 38, in
order to interrupt the connection to the vacuum source
60. Due to the vacuum, leaking from the pair consisting
of sealing ring/float 48/50 is prevented.

After a certain length of time the inlet valve 18 and the
vacuum valve 57, are closed, and the pressure valve 57
and the outlet valve 19 are opened.

The pump chamber 34 is emptied by forcing out the liquid
by means of pressure.

After a few seconds pressure valve 57 and outlet valve 19
are closed again and the cycle can begin anew.

Pumping of Powder:

The shut-off valve 57, on the vacuum side and the inlet
valve 18 are opened;

by means of the vacuum the powder is drawn in through the
pipe system or inlet pipe 20 connected to the pump
chamber 34.

The pump chamber 34 fills with powder, and the filter 44 in
its upper region prevents fine particles from getting into
the vacuum system. The float 50 remains in its bottom
position as in FIG. 3, as the speed of the pumping gas is
not sufficient to lift the float 50.

After a certain length of time the inlet valve 18 and the
shut-off or vacuum valve 57 , are closed, and the pressure
valve 58 and outlet valve 19 are opened.

The pump chamber 34 is emptied by the pressure which at
the same time cleans the filter 44 in countercurrent.

After a few seconds pressure valve 57 and outlet valve 19
are closed again and the cycle can begin anew.

Pumping of a Suspension:

The shut-off or vacuum valve 57 , and the inlet valve 18 are
opened;

by means of the vacuum the suspension is drawn in through
the pipe system or inlet pipe 20 connected to the pump
chamber 34.

By the filter 44 on the upper portion of the pump chamber
34, the particles of the suspension are separated from the
liquid, and soiling of the float 50 is prevented. The liquid
level rises until the float 50 is lifted and closes the open
ring chamber 49 of the sealing ring 48 in order to inter-
rupt the connection to the vacuum source 60.

After a certain length of time the inlet valve 18 and the
vacuum valve 57 , are closed, and the pressure valve 58
and the outlet valve 19 are opened.

The pump chamber 34 is emptied by forcing out the pow-
der by means of pressure which at the same time cleans
the filter 44 in countercurrent.

After a few seconds pressure valve 57 and outlet valve 19
are closed again and the cycle can begin anew.
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This system can also be used for the volumetric propor-
tioning of these different products; the system according to
the present invention for separating liquid and powder is
displaced in the interior 35 of the pump chamber 34 of which
the volume varies.

The sealing bead 46 and the ring seal 47 of the separating
system allow its displacement, at the same time sealing off
from the pump chamber 34 of which the variation in volume
allows volumetric proportioning.

In the embodiment of the pumping apparatus 30, of FIG. 4
in accordance with the present invention, its base region 32,
is adjoined by an axial connecting pipe 12, of any length h
which at the other end merges with an outlet pipe 70 inclined
at an angle w of for example 45° to the longitudinal axis A of
the apparatus; associated with the outlet pipe 70 on the out-
side is a vibrator 72. This outlet pipe 70 ends at a parallel-axis
pumping pipe 74 of which the side wall is traversed by a
pressure portion 76 of a closure element 78 carrying a closing
plate as a slide 75; the closing plate 75 serves to regulate a
pumped stream at the mouth of the outlet pipe 70 and so to
proportion the product. Closing of the system described takes
place by an outlet valve 19, which can be seen at the lower end
of the pumping pipe 74.

The system according to the present invention or its com-
ponents can be movable or fixed. For the latter, reference may
be made to FIGS. 5, 6, for example; in a bush-like apparatus
80 of FIG. 5 a filter plate 44 , is mounted in a ring-like frame
84 which surrounds the apparatus 80 outside a cylinder wall
82 thereof and which is held by two frame plates 86, 86,.
These protrude laterally and so can be fixed by laying them on
asupport, not shown, for example by means of screws passing
through screw holes 87.

On the upper frame plate 86 rests a cylindrical receptacle
section 88 which is closed by a dome cover 90 with an apex
collar 92 surrounding a central opening 91 of diameterd,. On
the latter is seated a roof ring 94 with downwardly and out-
wardly inclined edge surface 95 which in turn contains a
central opening 96 of small diameter d, in which can be seen
a sealing ring 48 and above the latter a supply connection 98
with an interior continuing that opening 96 for connection of
the connecting pipe 54 with that of pumping gas pipe 55 and
vacuum pipe 56, that is, for overpressure and partial pressure.

In the lower frame plate 86, is mounted a lower receptacle
section 88, as a cylindrical chamber into the interior 35, of
which lead the supply and drainage pipes 20 and 21 respec-
tively, not visible here; the receptacle sections 88, 88, yield a
cylindrical chamber 34, with non-movable filter plate 44,
above which extends an axial apex frame 100, also not mov-
able, consisting of in this case four vertically extending rods
102, which is associated with the roof ring 94 on the inside.
The diameter b, of each rod 102 of the apex frame 100
preferably corresponds approximately to the diameter b of the
rod 51 of the float 50 of about 10 mm which connects the two
ball ends 52.

A perforated plate 110 is joined, near the frame 84 and
parallel thereto, to the free ends 104 of the rods 102 which
determine an inside diameter f of a base section 105 of length
g of the apex frame. At that distance g from its lower rod end
104 or the perforated plate 110, the rod 102 is inclined
towards the axis atan angle w, of'about 30° over a short length
g, as a rod section 106, so that the inside diameter f; of the
upper frame section 108 following above and having an axial
length g, is shorter than the above-mentioned diameter f. The
length g, is here moreover shorter than half the length g of the
base section 104. An equally short length g, is provided by the
end sections 107 of the rods 102 which are inclined outwards
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in the opposite direction to those rod sections 106 and are
arranged on the inside of the roof ring 94.

The pump chamber 34, of FIG. 6 differs from the pump
chamber 34, of FIG. 5 above all by a flat apex cover 89 with
which the sealing ring 48 is associated on the inside; the latter
lies between the inclined end sections 107 of the apex frame
100.

In the apex frame 100 of FIGS. 5, 6 is located a float
member or float 50, with for example a length z of 150 mm,
with ball ends 52, 52, of different diameter y, y; of 50 and 65
mm respectively provided at both ends of the rod 51 with a
length 7, of here 35 mm.

The ball ends 52 and 52, of which the wall thickness is for
example 0.6 mm lie loosely in the apex frame 100, but can in
the region of their respective equator 53 if occasion arises
abut against the rods 102 in the base section 105 or in the
upper frame section 108 on the inside, so that the float 50, is
guided axially. During the closing operation, as already stated
above and shown in FIG. 6, the upper ball end 52 is applied to
the sealing ring 48 and so closes the open centre 49 of the ring.
In the opposite direction the perforated plate or perforated
grate 110 limits the path of drop of the float 50, 50,,.

The present invention is not limited to embodiments
described herein; reference should be had to the appended
claims. Moreover, with given ranges of terms, values within
the limits mentioned are also intended to be disclosed as limit
values and capable of being used as desired.

The invention claimed is:

1. An apparatus for pumping free-flowing materials, com-
prising:

a vacuum pipe connected to a vacuum pump;

a pumping gas pipe connected to a pumping gas source;

a receptacle coupled to the vacuum pipe and the pumping

gas pipe;

at least one supply pipe;

at least one drainage pipe for a material being associated
with the receptacle;

a vertically extending cylindrical pump chamber with a
base region and defining a longitudinal axis, the vacuum
pump and the pumping gas source configured to pneu-
matically pump a liquid, a powder, a suspension and a
paste into the pump chamber;

a device mounted in an upper region of the pump chamber
configured to separate liquid and powder, the device
having a float member configured as a sealing element,
wherein a lower region of the pump chamber is coupled
to the at least one supply pipe for supplying at least one
of'the liquid, the powder, the suspension, and the paste to
the pump chamber and wherein the float member has a
first ball end and a second ball end, the first ball end and
the second ball end being axially coupled by a tubular
portion, and wherein the device forms an axial apex
chamber of the pump chamber and is disposed so as to be
axially movable; and

a filter element disposed between the device and the base
region of the pump chamber.

2. The apparatus as recited in claim 1, wherein the at least
one supply pipe includes a plurality of supply pipes, each pipe
configured for at least one of a plurality of the liquid, the
powder, the suspension, and the paste.

3. The apparatus as recited in claim 1, wherein the device
defines a longitudinal axis extending vertically into the lower
region of the pump chamber, and wherein the filter element is
disposed at a lower part of the device and intersects the
longitudinal axis.
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4. The apparatus as recited in claim 1, wherein an end of the
device opposite the filter element is associated to the pumping
gas pipe and the vacuum pipe.

5. The apparatus as recited in claim 4, further comprising a
T-shaped connecting pipe extending from a front wall of the
device and having a first connection section and a second
connection section, each connection section including a shut-
off valve for one of the pumping gas pipe and the vacuum
pipe.

6. The apparatus as recited in claim 1, further comprising at
least one inlet valve and at least one outlet valve for the
material coupled the pump chamber.

7. The apparatus as recited in claim 1, wherein the pump
chamber includes at least one ring seal sealingly encompass-
ing the apex chamber.

8. The apparatus as recited in claim 7, wherein the ring seal
is disposed in the pump chamber so as to form an annular gap
with the apex chamber.

9. The apparatus as recited in claim 7, wherein the ring seal
is disposed in an annular end collar having a first diameter that
is smaller than a second diameter of the pump chamber.

10. The apparatus as recited in claim 9, further comprising
a ring section integrally disposed between the end collar and
the pump chamber, the ring section widening into a funnel
shape to the pump chamber.

11. The apparatus as recited in claim 10, further comprising
a frame configured to axially guide the movable apex cham-
ber upwards from the ring section.

12. The apparatus as recited in claim 7, wherein the float
member is coupled to a sealing ring in the apex chamber or in
an apex frame, and an open centre of the ring can be closed by
the float member.

13. The apparatus as recited in claim 12, wherein the seal-
ing ring forms a first body of a valve, and the float member
forms a second body of the valve, the open centre of the
sealing ring being closable by a ball end of the second body.

14. The apparatus as recited in claim 12, wherein the float
member has at least one ball end, the at least one ball end able
to close an entrance to the vacuum pipe.

15. The apparatus as recited in claim 12, the float member
having an upper ball end and a lower ball end, the upper ball
end able to seal off from the vacuum system, the upper ball
end having a diameter within the range of 15 mm to 90 mm,
and the lower ball end having a diameter within the range of
10 mm to 100 mm.

16. The apparatus as recited in claim 1, wherein the filter
element includes a filter plate coupled to a base section of the
apex chamber of the apparatus.

17. The apparatus as recited in claim 16, wherein the base
section of the apex chamber is perforated.

18. The apparatus as recited in claim 17, further comprising
at least one sealing bead abutting against an inner surface of
the pump chamber and encompassing the filter plate at an
edge of the filter plate.

19. The apparatus as recited in claim 16, wherein the filter
plate is coupled to the base section of the apex chamber and
extends beyond the base section in a lateral direction.

20. The apparatus as recited in claim 1, further comprising
an outlet pipe coupled to an outlet end of the pump chamber
and an axial connecting pipe at a base region of the pump
chamber, the outlet pipe being disposed at an acute angle to
the longitudinal axis.

21. The apparatus as recited in claim 20, further comprising
at least one vibrator mounted on the outlet pipe.

22. The apparatus as recited in claim 20, further comprising
apumping pipe having an axis parallel to the pump chamber,
aclosure element associated with a mouth region of the outlet
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pipe, and at least one outlet valve associated with a free end of
the pumping pipe, wherein the inclined outlet pipe is coupled
to the pumping pipe.

23. The apparatus as recited in claim 22, wherein the clo-
sure element includes a closing plate, and wherein the mouth
region of the outlet pipe is configured to be at least partially
covered by the closing plate.

24. The apparatus as recited in claim 1, wherein the device
is configured as an apex frame in a head region of the pump
chamber and at a distance from the filter element.

25. An apparatus for pumping free-flowing materials, com-
prising:

a vacuum pipe connected to a vacuum pump;

a pumping gas pipe connected to a pumping gas source;

a receptacle coupled to the vacuum pipe and the pumping

gas pipe;

at least one supply pipe;

at least one drainage pipe for a material being associated
with the receptacle;

a vertically extending cylindrical pump chamber with a
base region and defining a longitudinal axis, the vacuum
pump and the pumping gas source configured to pneu-
matically pump a liquid, a powder, a suspension and a
paste into the pump chamber;

a device mounted in an upper region of the pump chamber
configured to separate liquid and powder, the device
having a float member configured as a sealing element,
wherein a lower region of the pump chamber is coupled
to the at least one supply pipe for supplying at least one
of'the liquid, the powder, the suspension, and the paste to
the pump chamber and wherein the float member has a
first ball end and a second ball end, the first ball end and
the second ball end being axially coupled by a tubular
portion, wherein the device is configured as an apex
frame in a head region of the pump chamber and at a
distance from the filter element, wherein the apex frame
has an upper frame section and a lower frame section, is
cage-like and comprises substantially parallel deform-
able rods; and

a filter element disposed between the device and the base
region of the pump chamber.

26. An apparatus for pumping free-flowing materials, com-

prising:

a vacuum pipe connected to a vacuum pump;

a pumping gas pipe connected to a pumping gas source,

a receptacle coupled to the vacuum pipe and the pumping
gas pipe;

at least one supply pipe;

at least one drainage pipe for a material being associated
with the receptacle;

a vertically extending cylindrical pump chamber with a
base region and defining a longitudinal axis, the vacuum
pump and the pumping gas source configured to pneu-
matically pump a liquid, a powder, a suspension and a
paste into the pump chamber;

a device mounted in an upper region of the pump chamber
configured to separate liquid and powder, the device
having a float member configured as a sealing element,
wherein a lower region of the pump chamber is coupled
to the at least one supply pipe for supplying at least one
of'the liquid, the powder, the suspension, and the paste to
the pump chamber and wherein the float member has a
first ball end and a second ball end, the first ball end and
the second ball end being axially coupled by a tubular
portion, wherein the device is configured as an apex
frame in a head region of the pump chamber and at a
distance from the filter element, the apex frame compris-
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ing a lower frame section comprising approximately
two-thirds of a total length of the apex frame, and an
upper frame section comprising approximately one-
third of the total length of the apex frame; and

a filter element disposed between the device and the base
region of the pump chamber.

27. The apparatus as recited in claim 26, further comprising
aperforated plate or grid, a screen or filter, and a roof ring, the
apex frame being fixed towards an apex in the roof ring, and
the perforated plate or grid being disposed at a lower end of
the apex frame, and the screen or filter being substantially
parallel to the filter plate.

28. The apparatus as recited in claim 27, wherein the per-
forated plate or grid, the screen or filter is disposed at a
distance from the filter plate and is substantially parallel to the
filter plate.

29. The apparatus as recited in claim 26, wherein the filter
element comprises a filter plate disposed in a filter frame, the
filter frame being fixed in the pump chamber, disposed
between a first receptacle section and a second receptacle
section.

30. An apparatus for pumping free-flowing materials, com-
prising:

a vacuum pipe connected to a vacuum pump;

a pumping gas pipe connected to a pumping gas source;

a receptacle coupled to the vacuum pipe and the pumping

gas pipe;

at least one supply pipe;

at least one drainage pipe for a material being associated
with the receptacle;

a vertically extending cylindrical pump chamber with a
base region and defining a longitudinal axis, the vacuum
pump and the pumping gas source configured to pneu-
matically pump a liquid, a powder, a suspension and a
paste into the pump chamber;

a device mounted in an upper region of the pump chamber
configured to separate liquid and powder, the device
having a float member configured as a sealing element,
wherein a lower region of the pump chamber is coupled
to the at least one supply pipe for supplying at least one
of'the liquid, the powder, the suspension, and the paste to
the pump chamber and wherein the float member has a
first ball end and a second ball end, the first ball end and
the second ball end being axially coupled by a tubular
portion, wherein the device is configured as an apex
frame in a head region of the pump chamber and at a
distance from the filter element wherein the first ball end
has a first diameter and the second ball end has a second
diameter, the first and second diameters each being asso-
ciated with a first section and a second section of the
apex frame, respectively, the first and second sections
having corresponding inside widths; and

a filter element disposed between the device and the base
region of the pump chamber.

31. The apparatus as recited in claim 30, wherein the first
ball end and the second ball end are equatorially associated
with the first and second sections of corresponding inside
widths of the apex frame.

32. The apparatus as recited in claim 1, wherein the pump
chamber has a length from within the range of 10 mm to 1000
mm.

33. The apparatus as recited in claim 1, wherein the pump
chamber has a diameter within the range of 5 mm to 500 mm.

34. The apparatus as recited in claim 1, wherein the pump-
ing gas source is configured to supply a pressure of more than
0.3 bar and the vacuum pump is configured to create a vacuum
of less than 500 mbar.
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35. A method for pneumatically pumping free-flowing
materials using comprising:

providing an apparatus having a vacuum pipe connected to
a vacuum pump; a pumping gas pipe connected to a
pumping gas source; a receptacle coupled to the vacuum
pipe and the pumping gas pipe; at least one supply pipe;
at least one drainage pipe for a material being associated
with the receptacle; a vertically extending cylindrical
pump chamber having a base region and defining a lon-
gitudinal axis, wherein an apex chamber is axially dis-
placed in the pump chamber, the vacuum pump and the
pumping gas source configured to pneumatically pump a
liquid, a powder, a suspension and a paste into the pump
chamber; a device mounted in an upper region of the
pump chamber configured to separate liquid and powder
and having a float member configured as a sealing ele-
ment, wherein a lower region of the pump chamber is
coupled to the at least one supply pipe and the at least
one drainage pipe for at least one of the liquid, the
powder, the suspension, and the paste; and wherein the
float member has a first ball end and a second ball end,
the first ball end and the second ball end being axially
coupled by a tubular portion, and a filter element dis-
posed between the device and the base region of the
pump chamber; and
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transferring particulate materials and liquid or suspension
or pastes at a same time from a first receptacle to a
second receptacle using the apparatus.

36. The method as recited in claim 35, wherein a mixture of
liquid and particulate materials is pumped or transported.

37. The method as recited in claim 35, further comprising
proportioning the material by selecting utilizing a partial
opening of a closure element at an outlet pipe.

38. The method as recited in claim 35, wherein a mixture of
0.01 10 99.99% liquid and 99% to 0.01% particulate materials
is pumped or transported.

39. The method as recited in claim 35, further comprising
drawing in a cleaning liquid so as to clean the apparatus.

40. The method as recited in claim 35, further comprising
running the apparatus empty so as to clean the filter element.

41. The method as recited in claim 40, wherein running of
the apparatus empty includes introducing nitrogen as an emp-
tying gas and providing an inert atmosphere.

42. The method as recited in claim 35, wherein the pump-
ing gas source is configured to supply a pressure of more than
0.3 bar and the vacuum pump is configured to create a vacuum
of less than 500 mbar.



